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Abstraci 
The angular distributions of elastic and inelastic (Q = -1. 37 MeV) 
deuteron scattering from Mg have been measured at 8. 65, 9. 97, 
0 1 O. 87 and 11. 80 MeV in 5 -steps. These results as well as 
those from other authors have been discussed in terms of a 
diffraction scattering model. In the range of deuteron- energies 
from 8 - 22 MeV the interaction radii deduced from elastic data 
decrease slightly with increasing energy. The interaction radii 
from the analysis of the inelastic scattering data do not agree 
in all cases studied with the corresponding radii from elastic 
24 data. The deformation parameter for Mg was found to be 
Tables of all inelastic 11. 8 MeV deuteron scattering data ob-
tained in our laboratory are presented in the appendix. 
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I. INTRODUCTION 
Angular distributions of medium energy deuterons scattered 
elastically or inelastically by light nuclei, such as Mg, 
show typically a diffraction-like pattern with well-defined, 
regular minima and maxima. Patterns of similar kind with sharp 
and persistent oscillations are well known too from the 
scattering of d-particles. The ndiffraction scattering model 
with strong absorption" 1 )was used with considerable success 
in alalyzing such angular distributions, especially for 
"-particles l- 3) „ Within certain limitations it gives a con-
sistent interpretation for both elastic and inelastic scattering 
processes in cases where the inelastic process excites a low-
lying level of a collective nature. If a ratational level is excited, 
24 
as in Mg , only two free parameters enter the description: the 
interaction radius, R
0
, and the deformation parameter, ß 2. 
R should normally have the same value irrespective of whether 
0 
it is taken from the analysis of elastic or inelastic ex-
perimental data. One of the results of an extensive analysis 
in terms of this model 3) was that in c:<-scattering by Mg the 
interaction radius from fits to elastic and inelast1c data 
was really the same and that this radius was independent of 
energy. Contrary to this result we found from a preliminary 
analysis of 11. 8 MeV deuteron scattering data 4) that the 
interaction radii from independent best fits to elastic and 
inelastic scattering by Mg were not the same. On the other hand 
Blair et al. 3) found equality of these radii in an anlalysis of 
their 21 MeV d-scattering data. Therefore the present wo.rk 
was undertaken to study more extensively the energy deptndence 
of the interaction radii for d-scattering. 
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The nucleus Mg 24 for which some measurements 3-l 2) are 
already available, is well suited for such an investigation. 
The experimental reason favoring Mg as a target is the large 
spacing of the levels, so that the deuterons scattered from 
the 1. 37 MeV level may be easily separated from the elastic 
deuteron group and from the inelastic groups due to excitation 
of higher levels. 
Particularly extensive investigations in scattering by Mg 
13) 
were done for protons 
II. EXPERIMENTAL 
The angular distributions of the scattered deuterons were 
measured with a 20 cm diameter scattering chamber, the ap-
paratus and experimental method being identical with those 
described in ref. 4 ) The primary beam energy of 11. 8. MeV was 
reduced to 10. 87, 9. 97 and 8. 65 MeV by placing aluminum ab-
sorbers in front of the collimator system at the entrance to 
the scattering chamber. The incident beam energy was deter-
mined by measuring the deuteron -range in aluminum . For that 
purpose foils of varbus thicknesses were rotated into the 
beam. From these range measurements we obtained the mean 
energies using the range-energy-relations of Bichsel, Mozley 
and Aron 15). Due to the resolution of the Cs 1-counter the 
half-width of the elastic peak in our spectra was normally 
about 4 % at 11. 8 MeV. lt was broadened by the aluminum ab-
sorbers up to 7. 5 % at 8. 6 5 MeV. The targets used had thick-
2 
nesses of 2. 7 and 4. 1 mg/ cm and were rolled from commercial 
foils with a purity better than 99 %. For every energy absolute 
scattering cross sections were determined at a laboratory 
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0 
angle of 50 . For these measurements a Faraday cup was used 
with a current integrator in connection with a calibrated, highly-
sensitive galvanometer. Besides this the absolute cross section 
of gold was measured in the same arrangement and geometry for 
comparison. lt was always found to be in good agreement with 
previous careful measurements. lB) Our elastic scattering cross 
sections refer to the natural isotopic mi xture and the in-
24 
elastic cross sections to Mg • The errors in the determination 
of the absolute cross sections are approximately + 10 %. They 
arise from inhomogeneity of the targets, the statistical errors 
and the background in the spectra. The statistical errors 
change with angle from -t 3 % at forward angles up to + 6 % at 
backward angles. The error in the determination of the inelastic 
cross section is mainly due to the uncertainly in unfolding the 
elastic and inelastic peaks from each other and from the back-
ground in the spectrum. These errors are estimated to be at 
most + 5 %. 
III. RESULTS 
Fig. 1 shows a typical spectrum of deuterons scattered by 
0 Mg, obtained from a pulse height analyzer at an angle of 90 
and 11. 8 MeV beam energy. The results for elastic and in-
elastic scattering are shown in fig. 2 and fig. 3 respectively, 
the elastic results being presented as the ratio of the ob-
served to the Rutherford cross section. Both types of distri-
butions have the shape of an interference pattern with pro-
nounced maxima, which shift with decreasing energy towards 
larger angles. From fig. 2 one can see that the interference 
0 
structure is washed out for angles larger than - 120 . In 
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most cases no pronounced additional maximum is observed in 
this region. Matsudo et al. l 3) found a vanishing of the struc-
ture in the angular distributions for proton scattering on 
Mg between 8 and 9 MeV. A similar effect was not seen in our 
deuteron scattering data. 
Some very measurements are available for comparison 
with our work. The results of Rinds and Middleton 17 ) at 10 MeV 
are in good agreement with our elastic 9. 97 MeV curve. Another 
elastic measurement of Freindl et al. lB) at 13 MeV fits well 
into the set of angular distributions presented in f ig. 2. 
IV. ANALYSIS AND DISCUSSION 
IV. a. General 
lt is known that Mg24 is a deformed even-even nucleus with 
o+-groundstate and a first excited collective 2+-state of 
rotational charact er at 1. 37 MeV 19}20). The diffraction 
scattering model, which is based on collective excitation; 
should therefore be appropriate for scattering by Mg24 . Indeed 
it was used successfully in explaining the main f eatures of 
c{- scattering angular distributions of this nucleus over a 
wide range of energies 3). Also some deuteron data were ana-
lyzed in terms of this model l) 3)9). 
The treatment of the scattering problem within the frame-
work of this theory is very similar to that of classical 
Fraunhofer diffraction of light by a little black elllsoid. 
Really one goes beyond this classical analogy only in that one 
includes in the description the quantum mechanical properties 
of the collective states of the target nucleus involved in the 
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scattering process. This is easily done in an adiabatic 
approximation. In this way the model is able to predict the 
elastic cross section as well as the inelastic scattering 
amplitudes exciting discrete collective rotational states. 
The theory neglects the Coulomb field of the nucleus and is 
not valid for scattering at larger angles. The model has been 
used in the analysis of the present deuteron scattering ex-
periments. For an even-even nucleus the elastic scattering 
cross section in the centre-of-mass system is given in simple 
approximate form by l) 3) 
( la) d 4 ;.n. 
or with inclusion of the slowly varying "obliquity factor" 
cos
2 0/2 2) by 
(lb) 2 2 2 r; .1 2 d~/d!l. = cos 0/2 (kR
0
) 1J 1 (x) /xJ • 
where x = 2kR sin 0/2. For inelastic scattering with ex-
o 
citation of the first 2+-rotational-level one obtains a simi-
lar expression l) 3) consistent with (la) 
(2) 
The obliquity factor again may be introduced as in {lb). 0 is 
the scattering angle and k the wave number of the incident 
deuteron in the · c. m. system. The J 1 are ordinary Besselfunctions, 
ß 2 is the quadrupole deformation parameter and R 0 is the inter-
action radius. R
0 
and ß 2 are only free parameters. They 
were determined by fitting the theoretical expressions. ( la), 
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(1 b) and (2) to the experimental angular distributions in the 
range of angles less than about 120°. These cakulations were 
mainly done on a Siemens 2002 digital compue/). 
IV. b. Elastic scattering 
In this case R is the only free parameter. lt is deter-
o 
mined by the locations of the experimental. maxima. The obli-
quity factor in ( 1 b) does not appreciably change the 10ca-
tions of the initial theor etical maxima in ( la) so that R is 
0 
the same in both --:ases, but the overall fit according to ( 1 b) 
was always somewhat better than that according to ( la). In 
. 4) 
fig. 4 our elastic data and the measurements of ref. and 
ref. 11 ) are shown together with the theoretical curves. The 
21. 6 MeV measurement is similar to the measurements of Green-
lees and Lowe lO) at 19. 6. MeV and of Blair Farwell and 
McDaniels 3) at 21 MeV. The overall agreement between experi-
ment and theory is good, especially for the lower energy data 
in figs. 4a - 4d. The characteristic shape of the angular dis-
tribution in its main features is reproduced by theory over 
several orders of magnitude. With the exception of fig. 4e 
the absolute cross sections are predicted quite dccurately in 
the forward directions, partL.:ular ly in the vicinity of the 
first maximum. One can see from fig. 4 that the second maxi-
mum drops progressively below the theoretical prediction as 
the energy is increased from 8. 65 to 11. 8 MeV. At considerab-
+)Thanks are due to Dr. Krüger and Dr. Rothleitner of the In-
stitute for Theoretical Physics of the University of Heidel-
berg for hEO~p in programming the cakulations for the machine. 
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ly higher energies as in fig. 4e even the first experimental 
maximum falls below the curves calculated from eqs. la and lb. 
At higher orders of the diffraction pattern this difference 
increases. This difficulty is similar to that known from 
Cl('. particle scattering analysis and is inherent in the mo-
del l- 3) /.) 
lt is interesting to note that the inte"!'.'action radius R 
0 
is not exactly the same for the five different energies in 
fig. 4. To study the energy dependence of R in more detail 
0 
we have analyzed all measurements known to us from ,;ther la-
boratories. The resulting R -values in the energy range from 
0 
7-23 MeV are given in fig. 5. The radii corresponding to the 
best fits to the angular distributions are marked by thick 
bars. The range of possible radii is indicated at e; __ ch ener-
gy. It is mainly due to experimental uncertainties. Fig. 5 
shows that R is only constant t: a first approximation 
0 
(mean value 6. 4 f) and that there is a tendency for slowly 
decreasing radii as one proceeds to higher energies. At the 
end of the energy range considered (21. 6 MeV) R lies bet-
o 
ween 6. 0 and 6. 25 f with the best fit at 6. 16 f. This coin-
cides with the findings of Blair et al. 3) in analyzing the 
21) 
22. f, MeV elastic oC-particle scattering data of Hu et al 
which give a best fit at R = 6. 02 f. From the energy depen-
o 
f) A contribution tqchis question was gi .ren quite recently 
by J. Berysowiez and J. Dabrowski, Proc. Ruth. Jub. Conf. 
Man eh. ( 19 61 ) C 2 / 5 0 
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dence of R in fig. 5 it may be supposed that in the higher 
0 
energy region considered in o<- scattering analysis 3) the 
interaction radii from deuteron scattering and o{-scattering 
are essentially the same. Blair et al. found the c:w'-interaction 
radii to be very constant with a mean value of 5. 97 f over 
the °'-energy range from 20-50 MeV. The slowly decreasing 
R -values may be associated with the loose structure of the 
0 
deuteron and possibly with effects due to the nuclear Coulomb-
field. 
As may be seen from {lb) and (la). the model predicts 3) 
that the angular distributions may always be reduced to the 
same single universal curve {which is independent of energy 
and kind of the incident, strongly absorbed particle ) if one 
plots the diffrential croso section after division by a 
simple term as a function of the scattering argument 
x = 2kR sin e / 2. Since in our case R depends somewhat on 
0 0 
energy we divided d//d.t/according to (lb) by the term 
(k R 2 cos 0/2) 2. The factor cos 2e/2, which improves somewhat 
0 
the fit beyond the initial maximum in the ordinate-direction, 
may be omitted without changing the conclusions to be drawn 
in the following discussion. The results are given in fig. 6 
for the measurements with the Heidelberg- cyclotron up to 
11. 8 MeV and for three rn.ore measurements between 19. 6 and 
21. 6 MeV. 
The group of angular distributions at lower energies 
(~ 11. 8 MeV) fits the theoretical curve quite well and dis-
plays a universal behavior up to x ~ 7. lt is only in the 
region of the second maximum that the data differ considerably 
from each other. Here the height of the maximum drops 
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gradually with increasi11g energy in the sense of the genE..ral 
energy dependence in fig. 6, which is displayed clearly if 
one compares the groups of measurements around 10 and 2CJ MeV 
with each other. These two groups at essential ly different ener-
gies show up in the diagram as well separated patterns of simi-
lar shape. At about 20 MeV the reduced cross sections fall 
considerably below the theoretical curve and the data of the 
10 MeV group. At the second and third maximum this effect is 
even more pronounced than at the initial one. The univer-
sality prediction is displayed only with respect to the 
correspondence between the locations of minima and maxima of 
the two patterns but is not realized with respect to the 
amplitudes. There may be several reasons for the breakdown of 
the universality predilion. The structure of the deuteron 
and the relatively large d-wavelengths may play a role. lt 
therefore seems possible that the universal behavior of the 
reduced data may be better displayed in a higher energy region, 
where it has already been shown to exist for «'-particles. At 
small x-values the shape of the reduced patterns changes some-
what. The first minimum becomes deeper and the first maximum 
more pronounced if the energy is increased. This effect may 
possibly be understood 3)in terms of the nuclear Coulomb field, 
which gradually loses importance as one increases the d- energy. 
IV. c. Inelastic scattering 
Fig. 7a shows our measurements at 8. 65 MeV compared with 
theory. Both parameters, R
0 
and ß2, were varied in the cal-
culations. The agreement between the theoretical curve 
according to (2) and the experimental data is very satisfactory. 
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lt is typical for all our measurements and is displayed rather 
well even at larger angles, especially at 9. 97 MeV (fig. 7b). 
If one proceeds from the energy region around 10 MeV to higher 
energies the experimental curve gradually becomes steeper as 
in the elastic patterns, If the theoretical curve is norma-
lized by the value of the parameter ß 2 to the first experi-
mental maximum, the higher order experimental maxima soon 
drop with increasing energy below the theoretical curves, 
whether or not one includes the obliquity factor. This be-
havior is demonstrated in fig. 8, where the reduced experi-
. 6) 4) 0 
mental data of Hmds et al , Jahr et al, up to 120 and 
Blair et al. 3) are included for comparison. As in the dia-
gram of the reduced elastic data the locations of minima 
and maxima agree quite well for the different curves but the 
peak heights of the maxima fall more and more below the theo-
retical curve as one increases the energy. For our data at 
low energies there is again (as in the case of elastic data) 
good agreement with theory, especially in the region below 
0 120 . The R
0
-and ß 2 -values given in fig. 8 are those from 
the best possible fits to the inelastic experimental angular 
distributions, irrespective of the elastic R -values. 
0 
For a more complete study of R as a function of energy we 
0 
have again analyzed all available data. The result is presen-
ted in fig. 5b. Because of well-known experimental difficul-
ties, the inelastic data are sometimes more scanty than the 
elastic ones. Thus, for instance, the R -values of the pre-
o 
liminary inelastic 15. 9 and 17. 5 MeV data and those of 19. 6 MeV 
are rather uncertain. As can be seen immediately from fig. 6b 
the values of the interaction radius scatter much more about 
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the mean value of 6. 2 f than in fig. 5a. The R -values between 
0 
9. 5 and 12 MeV are considerably smaller than the corresponding 
elastic interaction radii. This is in contrast to the findings 
of Blair et al. 3) for o(_ particles, where it was always 
possible to fit the inelastic data with the R -value extracted 
0 
from the corresponding elastic distribution. lt is mainly in 
the upper part (>15 MeV) of the d-energy range considered 
that elastic and inelastic radii are equal at each energy, i. e., 
the ranges of possible R -values in fig. 5a and 5b overlap. lt 
0 
would be interesting therefore to see whether in the region of 
t{-energies considered by Blair et al. (722 MeV) this regular 
behavior of R is also displayed in d-scattering data. The 
0 
ß 2 -values from the analysis of the inelastic scattering data 
are giverjin table 1. They correspond to a normalization of 
the theoretical curve to the experiments at the first maximum. 
The mean value of about O. 22 agrees well with the correspon-
ding /ß2/ from o(-scattering 
3) (0. 24). 
V. CONCLUSIONS 
The following conclusions may be drawn from the analysis of 
the elastic and inelastic deuteron scattering data. 
1) At low energies one can fit the experimental angular dis-
tributions well by the diffraction scattering formulas {la}, 
( lb) and (2) (fig. 4a- c, fig. 7). At higher energies both the 
elastic and inelastic experimental angular distributions show 
the same characteristic behavior: with increasing energy they 
fall progressively below the theoretical predflions (fig. 6 
and fig. 8). 
2) The interaction radii deduced from the analysis of elastic 
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deuteron data decrease slightly with energy (fig. 5a) and are 
at 22 MeV approximately eq ual to the radii from elastic 
~pariicle scattering analysis. 
3) For Ed~15 MeV the interaction radii from the inelastic 
deuteron data agree with the radii from the corresponding 
elastic distributions. At some lower en ergies they seem to be 
different from the elastic radii. 
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APPENDIX 
Ed MeV l82 I ref. 
a.65 0.23 +} 
s.9 0.23 6) 
9.97 0.21 +) 
10.87 0.25 +) 
11.a 0.25 4) 
14.8 0.20 9) 
15.1 0.22 8) 
17.5 0.18 12) 
21 0.22 3) 
+)present work 
Table 1. Parameters js21 ae determined fram the analysis of 
inelastic d-scattering angular distributions of Mg24. 
Scattering cross sections for Magnesium at 8.65 MeV 
Mg (d,d) Q = 0 
ecM <S'cM ~barn/s terad) 
27.0 7.00 • 102 
'32.4 2.78 
37.7 1 .18 
43.0 6.86 • 10 1 
48.4 5.77 
53.6 5 .14 
58.9 3.96 
64.1 2.58 
69.3 1.52 
74.5 7.99 • 10° 
79.6 4.93 
84.7 4.26 
89.7 4.70 
94.8 5.24 
99.7 5.06 
104.7 4.33 
109.6 3.43 
114.5 2.40 
119.3 1.94 
[degree] 
• Mg24 (d,d')Mg24 Q=-1.37 MeV 
e~M 6'cM~barn/ s te rad] 
32.6 7.47 • 10° 
38.0 9.64 
43.3 7.04 
48.7 4.60 
54.0 2 .10 
59.3 1.79 
64.5 2.78 
69.7 3.20 
74.9 4.14 
80.1 3.98 
85.2 3.53 
90.2 3.37 
95.2 2.51 
100.2 1.94 
105.2 1.56 
110. 1 1.55 
114.9 1.46 
[degree) 
Scattering cross sections for Magnesium at 9.97 MeV 
Mg (d,d) Q = 0 Mg 24 (d,d') Mg 24* Q =-1.37 MeV 
9cM <ScM[mbarn/sterad) 0cM 6cM [mbarn/sterad] 
21.6 
26.5 
31.9 
37.2 
42.5 
4 7 .9 
53 .1 
58.4 
64.6 
69.8 
74.5 
80.4 
84.7 
89.7 
94.8 
99.7 
104.2 
110. 1 
114.5 
119.3 
124.1 
128.9 
133.6 
138.4 
143.0 
147.7 
151.9 
157.0 
161.6 
166.2 
(degree1 
1. 21 • 1 o3 
5.62 • 1'0 2 
2.16 • 1 
8.95 • 101 
5 .12 
5. 12 
4.66 
3.32 
1. 72 
9.86 • 10° 
5.33 
3.36 
3.93 
3.96 
3.93 
3.42 
2.64 
2.04 
1.81 
1.43 
1. 30 
1.27 
1 .06 
9.50 • 10-1 
9.10 
8.60 
7.60 
8.20 
8.90 
1.02. 10° 
32. 1 
37.4 
42.8 
48. 1 
53.4 
59.2 
65.0 
70.2 
74. 9 
80.5 
85 .1 
90.2 
95.2 
100.7 
104.6 
110. 5 
114.9 
119. 7 
125.0 
128.7 
133.9 
138.1 
143.8 
147.4 
152.6 
156.7 
162.2 
165.8 
[degreel 
6.64 • 10° 
6.67 
3.61 
2.06 
1.47 
1.73 
2 .13 
2.82 
3.68 
3.49 
3.23 
2.52 
1. 92 
1.51 
1. 35 
1. 39 
1.59 
1. 69 
1. 97 
2.13 
2.03 
2.21 
2.32 
2 .16 
2.16 
1.92 
2.04 
1 .82 
Scattering cross sections for Magnesium at 10.87 MeV 
Mg (d,d) Q = 0 Mg24 (d,d')MG24• Q =-1.37 MeV 
ecM ~M(mbarn/sterad) GcM 6'cM[mbarn/sterad] 
22.1 
27.0 
32.4 
37.7 
43.0 
48.4 
53.6 
58.9 
64 .1 
69.3 
74.5 
79.6 
85.2 
89.7 
94.8 
99.7 
104.2 
109.6 
114.5 
119.3 
124 .1 
128.9 
133.6 
138.4 
143.0 
147.7 
152.4 
157.0 
161.6 
166.2 
[degree] 
1.14 • 103 
3.77 • 102 
1.47 • 102 
6. 20 • 10 1 
5.09 • 
5.52 
4.46 
2.91 
1.44 
7.40 • 10° 
4.05 
4 .12 
4.60 
5.21 
4.63 
3.58 
2.58 
2.01 
1.63 
1.27 
1 .10 
9. 73 • 10-1 
8.22 
7.63 
7.04 
6.62 
6.23 
6.15 
6.~o 
7 .10 
27. 1 
32.5 
37.9 
43.3 
48.6 
53.9 
59.2 
64.4 
69.6 
74.8 
80.0 
85 .1 
90.1 
95.1 
100.1 
105. 1 
110.0 
114.8 
119. 6 
124.4 
129.2 
133.9 
138.6 
143.3 
147.9 
152.5 
157.1 
161.7 
166.3 
[degree1 
5.94 • 10° 
1.10 • 10 1 
8. 20 • 10° 
5.38 
2. 35 
1.59 
. 
1.97 
2.67 
4 .10 
4.55 
4.05 
3.23 
2.51 
1. 82 
1.35 
1.21 
1.14 
1.28 
1.52 
1.91 
2.01 
2.35 
2.21 
2.26 
2.24 
2.12 
1.74 
1 .83 
1.80 
Scattering cross sections for Magnesium at 11.8 MeV 
Mg(d,d) 
Q = 0 
0eM <S't ~ IM [clegt"U] mbarn ster1 
3 21.7 1.12 • 10 
23.8 8.54 • 102 
24.9 6.38 
27. 1 4. o4 
29.2 2.29 
3o.3 
32.5 
37.8 
43.2 
48.5 
53.8 
59.1 
64.3 
69.4 
74.6 
79.7 
84.8 
89.8 
94.8 
99.8 
1o4.8 
1o9.7 
114.6 
119.3 
124.1 
128.8 
133.6 
138.3 
143.o 
1.87 
1.17 
4. 89 • 10 
5 .18 
5.67 
4.o9 
2.15 
• '00 9.02 " 
4.17 
3.44 
4 .11 
4.25 
3.62 
2.71 
1.95 
1.38 
1.08 
1.03 
1. o3 
1.01 
9.30 • 10-1 
8.61 
7 .10 
6.21 
Mg(d,d') +, 
Q=-1. 37 MeV 
ecM <S'c! tot 
[dQgree] [ mbarn/ster] 
24.5 
28.3 
32.6 
37.9 
43.3 
48.6 
53~9 
59.2 
64.4 
69.6 
74.8 
80.0 
85.o 
90.1 
95 .1 
100.0 
1o5.o 
1o9.8 
114.7 
119.5 
124.3 
129.1 
133.8 
138.5 
143.2 
7 .16 
8.06 
8.33 
7.23 
4.60 
2.65 
1. 93 
2.02 
2.31 
2.73 
2.77 
2.47 
2.06 
1.71 
1.5o 
1.45 
1.27 
1.29 
1. 29 
1.4o 
1.37 
1.45 
1.61 
1.57 
1.64 
Mg(d,d') 
Q- -4.12 MeV 
- -4.246MeV 
0cM mbarn~~\er) 
33 .1 
38.5 
44.c 
49.4 
54.1 
60.1 
65 .4 
70.1 
75.7 
80.9 
86.1 
91.1 
96.1 
1 o1.1 
106.0 
11 o.e 
115.7 
120.5 
125.3 
2.42 
2.51 
2 .12 
1.8o 
1.45 
1. 38 
1 .18 
1. 25 
1.16 
1„2~ 
1. 23 
1.22 
1.27 
1.24 
1.19 
1.17 
1.03 
1.01 
-1 9.32.10 
continued •••• 
ec!M E)~M continued 
[de51tee.] <ScM [mba~hf'~+tt] [d.e~ree] ~CM [tnbQ""t /!>"\et.] 
147.7 5. 93 • Ao-A 147.9 1.55 
152.4 5.79 152.6 1•44 
157.o 5.39 157.2 1.31 
161.6 5.50 161.8 1.19 
166.2 6.15 166.4 1.10 
+) The isotopic abundance of Mg24 is not taken into 
aocount in the case of Mg(d,d'), Q = -1.37 MeV. 
Scattering croes sectione for Carbonat 11.8 MeV 
edM 
C(d,d), Q = 0 
0tM 
C(d,d') 
Q = -4,43 MeV 
[d~ree] 6<!Mpbarn/ste~ {d.~Cl"~~1 <S'~.., [mbarn/ster1 
25 3.53 • 102 24 12.0 
30 1.63 1 
35 5.41 1 28 9.3 • 110 
40 8.26 • 10° 36.5 8.2 
42.! 5.05 42.5 7.2 
45 9.18 
50 2.57 • 10 1 48.5 6.6 
55 3.35 54.o 6.o 
60 3.o3 60.0 5.5 
65 2.20 65.5 5.7 
7o 1.42 
75 8.72 • 10° 71 .o 5.7 
So 4.82 77.o 6.3 
85 2.75 82.5 6.9 
9o 1.93 
95 1.54 88.o 6.8 
100 1.42 93.o 6.6 
1 o5 1.47 
110 1.61 98.o 5.o 
115 2 .18 [degree] 
120 3.o7 
125 3.76 
130 4.59 
135 5.o5 
140 5 .19 
145 5.41 
150 5.64 
155 6.33 
160 7.34 
165 9.32 
[degree] 
Scattering cross sections for Titan at 11.8 MeV 
31.2 
36.4 
41.5 
46.7 
51.0 
57.o 
62 .1 
67.2 
72.3 
77.3 
82.4 
87.4 
92.4 
97.4 
102.4 
1o7.4 
112. 3 
117.2 
122 .1 
127.o 
131.9 
136.7 
141.6 
146.4 
151.2 
156.o 
160.8 
165.6 
Ti (d,d), Q = 0 
c:l'cM [ mbarn/ s t er.) 
4.03 • 102 
1. 75 
1.35 
1. 00 
7.16 • 10 1 
3.89 
2 .10 
1.40 
9.29 • 10° 
7.80 
6.7o 
6 .13 
5.59 
4.98 
3.87 
2.91 
1.79 
1.24 
1.05 
1 .18 
1.33 
1.51 
1.50 
1.42 
1.20 
9.3o • 10-1 
7.05 
5.37 
Ti (d,d'), Q = -0.99 MeV 
~M[mbarn/ster.] 
3.28 • 10° 
2.56 
1 .87 
1.93 
1. 92 
1.71 
1.28 
9.18 • 10-1 
1.25 
8.10 
8.36 
8.31 
1.09 
6.12 
4.53 
4 .17 
3.98 
4.68 
4.64 
4.74 
4.23 
4.o6 
3.79 
3.52 
3.52 
3.66 
3.84 
4.o9 
41.3 
46.5 
51 .6 
56.7 
61.8 
66.9 
72.o 
77.o 
82.o 
87.o 
92.o 
97.o 
102.0 
1o7.o 
112.o 
116.9 
121.8 
126.7 
131.6 
136.5 
141.3 
146.2 
151.1 
155.9 
160.7 
165.6 
Scattering cross sections for Iron at 11.8 MeV 
Fe ( d, d) , Q = 0 
~M[mbarn/ster.] 
2. 24 • 1 o2 
1 .35 1 
8.46 • 1o 
3.96 
2.27 
1.65 
1. 51 
1.31 
1. o7 
7.32 • 10° 
5.4o 
3.96 
2.88 
2.26 
1.96 
1.78 
1.69 
1.59 
1.50 
1.32 
1.15 
8.87 • 10-1 
7.85 
7 .14 
6.84 
6.96 
Fe (d,d'), Q = - 0.845 MeV 
~H{mbarn/ster.] 
3.oo 
1.87 
1.79 
1.32 
1.12 
1.10 
1 • 11 
1. 08 
9.47 • 10-1 
7.32 
5.4o 
4.05 
3 .19 
3 .15 
3.33 
3.5o 
3.57 
3.34 
2.9't 
2.38 
2.08 
1. 93 
1.84 
1.79 
1.89 
1.8o 
Soattering cross seotions for Nickel at 11.8 MeV 
e~M Ni (d,d), Q a 0 Ni (d,d'), Q=-(1.42±0.10) MeV 
{cles ... e~] ~..,pbarn/ster.] ~ [mbarn/ster.] 
31.o 
36.1 
41 .3 
46.4 
51.5 
56.6 
61.7 
66.8 
71.9 
76.9 
82.o 
87.o 
92.o 
97.o 
1o2.o 
106.9 
111.9 
116.9 
121.8 
126.7 
131.6 
136.5 
141.3 
146.2 
151.o 
155.9 
16o.7 
165.5 
7.52. 10 
3.64 
2.47 
1.64 
8.78 • 101 
4.44 
2.69 
2.31 
2.15 
1.74 
1.32 
9.oo • 10° 
5.97 
4.32 
3.34 
3.o7 
3.02 
2.87 
2.59 
2.17 
1.71 
1.34 
1.10 
9.91 • 10-1 
9.69 
1.00 • 
1.11 
1 .24 
1 10° 
1 
4.27 
3.03 
2.37 
1.72 
1.36 
1.12 
9 .86 • 10-1 
9.89 
9.60 
9.26 
9.38 
8.15 
5.56 
3.88 
2.94 
2.82 
2.91 
3 .18 
3.73 
3.80 
3 .10 
2.70 
2.21 
1.87 
1.57 
1.46 
1.46 
1.56 
Scattering cross sections for Copper at 11.8 MeV 
e Cu (d,d), Q = 0 Cu (d,d') Q = -(o,96$0,10) MeV - CH -( 1 • 27 -o • 1 o ) 
[d.e!„••] ~eM[mbarn/ster.] <S'tM [mbarn/ater.] 
36.1 4.38 • 102 3.26 
41.2 
46.3 
51.4 
56.5 
61.6 
66.7 
71.8 
76.8 
81.8 
86.8 
91.8 
96.8 
101.8 
106.8 
112.7 
116.7 
121.6 
126.5 
131.4 
136.3 
141.2 
146.1 
15o.9 
155.8 
160.6 
165.5 
2.77 
1.50 
7 .83 • 10 
4.14 
3.20 
2.72 
2.38 
1.79 
1.17 
6.82 • 10° 
4,83 
4.2o 
4 .12 
3.95 
3.6, 
2.92 
2.32 
1.92 
1.46 
1.19 
1.15 
1.09 
1.07 
1.12 
1.12 
1.11 
2.08 
1. 23 
1.08 
9.63 • 10-1 
7.92 
7.51 
6.93 
6.54 
6.37 
4.48 
2.e5 
2.00 
1.8. 
2.06 
2.53 
2.77 
2.66 
2.19 
1.66 
1 .27 
9.03 • 10-2 
8.38 
8.75 
9.33 
1. 05 • 10-1 
1 .16 1 
Scattering cross sections for Zinc at 11.8 MeV 
30.9 
36.o 
41.2 
46.3 
51.4 
56.4 
61.5 
66.6 
71.7 
76.7 
81.7 
86.8 
91.8 
96.7 
101.7 
106.7 
111.7 
116. 6 
121.5 
126.5 
131.4 
136.3 
141. 2 
146.o 
15o.9 
155.a 
160.6 
165.5 
Zn (d,d), Q = 0 
3 1.03 • 10 
4. 62 • 110 2 
2.8o 
1.76 
9.22 • 1o 
5.40 
4 .14 
3.58 
2.73 
1.91 
1.28 
8. 04 • 10° 
6.07 
4.92 
4.60 
4.22 
3.35 
2.8o 
2.20 
1 .84 
1.51 
1. 28 
1. 22 
1.13 
1.22 
1.13 
1 • 11 
9.97 • 10-1 
Zn (d,d'), Q = -(o,96±0,1o)MeV 
6c!M(mbarn/ster.] 
4.6o 
3.56 
2.35 
2.11 
1.9 
1.9 
1.9 
1.72 
1.67 
1. 29 
8.86 • 10-1 
7 .16 
4.58. 
4.23 
4 .12 
4.82 
4.99 
4.31 
3.93 
3.39 
2.66 
1 .85 
1.68 
1.74 
1.95 
2.12 
2.17 
2.59 
Fig. 1. 
Fig. 2. 
Fig. 3. 
Fig. 4. 
Fig. 5. 
Fig. 6. 
Figure Captions 
A typical pulse height spectrum oi deuterons 
scattered by Mg. ( 1) Elastic line, (2) Q = -1. 37 MeV 
24 24 (Mg ), (3) Q =-4. 12 MeV and Q = -4. 24 MeV (Mg ). 
Ratio of the elastic d- scattering cross sections 
from Mg to the Rutherford cross sections as a 
function of () . (The 11. 8 MeV data, which coin-
cm 
cide witb our own measurements, were taken from ref. 4 )) 
Differential cross sections of deuterons inelastically 
scattered from the 1. 37 MeV level of Mg 24 as 
a function of Q . (Again the 11. 8 MeV data were 
taken from ref. ~-
Comparison between experimental angular distributions 
and theoretical curves accroding to (lb} för elastic 
d- scattering from Mg. In fig. 4d the dashed line 
represents formula (la). The experimental curves in 
figs. 4d and e are taken from ref. 4) and ll). 
Energy dependence of the interaction radius R for 
0 
(a) elastic and (b} inelastic deuteron scattering 
24• ) . 1 d by Mg and Mg (1. 37 MeV • respective y. as eter-
mined independently from fits to the elastic and 
inelastic experimental data using eqs. (la). (lb) 
and (2). 
Comparison between reduced elastic angular distri-
butions for several energies. For 19. 6, 21. 0 and 
10) 3) 11) 
21. 6 MeV the data of ref. • and were used, 
respectively. The solid line gives the theoretical 
prediction of the diffraction scattering model 
Fig. 7. 
Fig. 8. 
according to (lb). The presentation of data is con-
fined to x-values corresponding to (J( 120°. The 
diagram without inclusion of the obliquity factor 
2 
cos '() / 2 looks very similar. Only the fit to the 
theoretical curve in the ordinate-direction, 
particularly at the second and third maximum is 
somewha t inferior. 
Experimental angular distributions of inelastic 
24 ~4*" d-scattering (Mg (d, d') Mg (1. 37 MeV) at 8. 65 
and 9. 97 MeV compared with theory (eq. (2)). The 
dashed line in fig. 7a gives the theoretical fit 
with inclusion of the term cos
2 ()/2 and /ßi = O. 25 
for comparison. 
Comparison between the reduced experimental inelastic 
scattering distributions for several energies. For 
Of ref. 6)J 4) 8. 9, 11. 8 and 21 MeV the measurements 
and 3) were used, respectively. The solid line gives 
the theoretical prediction of the diffraction 
scattering model according to (2). 
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